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Culture-based studies in endodontics have more or less overlooked the significance of Gram-positive facultative 
bacteria in recent decades. By contrast, Gram-negative anaerobes have been extensively studied because of their 
frequent recovery in primary root canal infections and their association with acute manifestations of apical 
periodontitis. More recent years have seen a renewed interest in Gram-positive facultatives as these organisms are 
common in samples from root-filled teeth affected by apical periodontitis. Structural components of the robust 
bacterial cell wall of Gram positives protect them from noxious environmental factors. Additionally, the majority of 
these organisms express fast-adaptive properties when exposed to extreme conditions, thus making them 
potentially interesting as causal elements in post-treatment endodontic disease. This review relates to different 
aspects of Gram -positive bacteria and their adaptive responses when being exposed to stressful conditions such as 
endodontic treatment procedures. 


Introduction 

Microbiological sampling of infected root canals in the 
early 20th century frequently recovered Gram-positive 
facultatives. As a result, these fast-growing organisms 
were considered major etiologic elements in endodontic 
infections (1-3). With the advent of improved methods 
for anaerobic cultivation, by the end of the 1960s, 
difficult-to-culture organisms with high demands for 
growth under anaerobic conditions were recognized (4) 
and were found to predominate in primary root canal 
infections (5-10). In the years that followed, attention 
was drawn to their pathogenic potential and the 
participation of blaclc-pigmented Gram negatives in 
acute presentations of apical periodontitis was con- 
firmed (11, 12). But a whole range of other Gram 
negatives were also identified as potential pathogens in 
endodontic infections (13, 14). Concomitantly, Grain- 
positive facultatives became of less interest because of 
their recovery in small numbers in primary endodontic 
infections. Even their clinical significance was ques- 
tioned as they were assumed to represent contamination 
during the sampling procedure (15, 16). 

Because of their frequent recovery in previously root- 
filled teeth (4, 17-21) and from teeth undergoing root 
canal treatment (22-25), a renewed interest in Gram- 
positive bacteria has occurred in recent years. Especially 


bacteria belonging to the enterococcus group have 
attracted considerable attention, most notably Entero- 
coccus faecalis, as these are frequent isolates in culture 
positive samples taken from filled root canals (4, 17-21). 
The fact that sampled teeth were affected by apical 
periodontitis suggested the involvement of these 
organisms in post-treatment endodontic disease. Also, 
other facultatives may be of interest. Sampling teeth 
with signs of apical periodontitis refractory to treatment, 
Chavez de Paz et al. (25) reported frequent isolation of 
lactobacilli and streptococci, while anaerobes were 
conspicuous by their rare occurrence. Collectively, these 
findings suggest that, in case total eradication has failed, 
endodontic treatment may select for the most robust 
segment of the root canal microbiota viz. facultative 
anaerobes organisms that may be responsible for post- 
treatment apical periodontitis (see also Table 1). 

Of distinct clinical interest in this context are the 
mechanisms that afford consortia of organisms to 
prevail in the root canal environment in spite of 
rigorous anti-microbial efforts in root canal therapy 
and the resulting limited nutrient availability. In 
general, adaptive features of bacterial organisms are 
built on diverse mechanisms of stress responses that 
will vary in speed and intensity depending on innate 
physiological resources. Moreover, expression of adap- 
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Table 1 . Data from different studies screening bacteria prevailing after instrumentation and intracanal dressings 



Bystrom and Sundqvist. 
(22, 148) 


Gomes et al. 
(23) 

Peters et al. 
(24) 

Chavez de Paz et al. 
(25) 

Number of cases 

7 

8 

6 

31 

15 

74 

33 

Evidence of apical periodontitis 

Yes 

Yes 

Yes 

Variable 

Yes 

Yes 

Yes 

Irrigant used 

Saline 

0.5% 

NaOCl 

5% 

NaOCl 

2.5% 

NaOCl 

2% 

NaOCl 

0.5% 

NaOCl 

0.5% 

NaOCl 

Intracanal dressing 

None 

None 

None 

None 

Ca(OH) 2 

Ca(OH) 2 

Ca(OH) 2 , 
5% IKI 

Gram-positive cocci 

Coagulase negative 

0 

0 

0 

1 

1 

9 

8 

Staphylococci 

Enterococcus spp. 

0 

0 

0 

7 

0 

26 

0 

Gemella spp. 

0 

0 

0 

2 

1 

0 

0 

Peptostreptococcns spp . 

7 

1 

1 

11 

2 

7 

2 

Streptococcus spp. 

6 

3 

2 

46 

1 

38 

7 

Gram-positive rods 

Actinomyces spp. 

0 

0 

0 

6 

3 

9 

3 

Bifidobacterium spp. 

0 

0 

0 

0 

2 

9 

9 

Clostridium spp. 

0 

0 

0 

1 

0 

2 

2 

Eubacterium spp. 

5 

3 

2 

4 

1 

3 

3 

Lactobacillus spp. 

3 

2 

2 

8 

0 

40 

9 

Propionibacterium spp. 

0 

1 

0 

6 

3 

13 

2 

Gram-negative cocci 

Veillonella spp. 

0 

0 

0 

3 

2 

5 

1 

Gram-negative rods 

Bacteroides spp. 

3 

2 

1 

1 

1 

0 

0 

Campylobacter rectus 

0 

0 

1 

0 

0 

0 

0 

Capnocytophajya spp. 

0 

0 

1 

1 

2 

0 

0 

Enterobacteria (lactose positive) 1 

1 

0 

0 

0 

3 

4 

Fusobacterium spp. 

3 

6 

3 

5 

3 

7 

2 

Haemophilus spp. 

0 

0 

0 

1 

0 

0 

0 

Porphyromonas spp. 

0 

2 

0 

1 

0 

1 

0 

Prevotella spp. 

2 

2 

1 

11 

1 

5 

6 

Total isolates (strains per case) 

30 (4.3) 

22 (2.8) 

14 (2.3) 

115 (3.7) 

23 (1.5) 

177 (2.4) 

58 (1.8) 

Figures indicate number of strains isolated. Most frequently isolated 

in bold. 
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tive mechanisms is increased when organisms establish 
themselves within micro-communities (community 
theory), making it possible for fast-adaptive bacteria 
to reproduce and initiate formation of biofilms (26). In 
biofilms, even relatively more susceptible organisms are 
capable of surviving and may potentially play a role in 
endodontic treatment failures. This review focuses on 
different aspects on Gram -positive organisms in 
endodontic infections, describes frequently recovered 
species, and the potential adaptive responses that these 
organisms may express when the conditions in the root 
canal environment change. 

Bacterial species in post-treatment 
cases 

Cross-sectional, culture-based studies have given im- 
portant clues about the variety of bacterial organisms 
that may colonize root canals of teeth where the pulp 


has become necrotic (5-10). Clearly, anaerobes pre- 
dominate and may make up 97% of the cultivable flora 
in teeth where the pulp chamber has been without 
direct communication with the oral cavity. Culture 
studies from treated teeth, on the other hand, have 
revealed a much higher proportion of facultatives (4, 
17-21). These studies also often isolated species in 
monocultures. 

The reduction of Gram-negative organisms following 
endodontic treatment and the subsequent proportional 
increase of Gram-positives facultatives (see Fig. 1) give 
support for the view that anti-microbial treatment 
measures in endodontics are more efficient against 
obligate anaerobes and less so towards a whole set of 
facultatives. This supposition, of course, takes into 
account that all these organisms indeed were present at 
the outset and were not latecomers from the oral 
environment. But even so, contaminants, once becom- 
ing established in the root canal system of teeth, may 


Untreated necrotic pulps 



- 1-12 species isolated per case 


Cases in treatment 




Root filled teeth with apical 
periodontitis 




□ 

■ 


Gram negative rods 
Gram positive cocci 
Gram positive rods 
Gram negative cocci 
Yeasts 


-1-5 species isolated per case 


1-3 species isolated per case 


Facultative anaerobic bacteria occur in 
low numbers 

Anaerobic proteolytic bacteria 
predominate in these cases, e.g. 
Prevotella spp, Porphyromonas spp, 
Fusobacterium spp and 
Peptostreptococcus spp. 


- Gram-positive facultative 
anaerobes, e.g. lactobacilli, 
streptococci and enterococci, 
predominate 

- Gram negative rods are reduced 


Gram-positive facultative 
anaerobes, e.g. E. faecalis, 
streptococci, lactobacilli, 
actinomyces, 

Peptostreptococcus spp and 
yeasts, are found 


Fig. 1. Pie charts showing the proportion of organisms isolated in studies of untreated necrotic pulps (5-10), cases 
undergoing treatment (4, 22-25, 30, 31), and root-filled teeth with apical periodontitis (4, 17-21, 68). 
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exert pathogenic effects and should therefore not be 
excluded as potential causal elements in post-treatment 
endodontic disease. 


Streptococci 

Streptococci normally inhabit the oral cavity and are 
early colonizers of tooth surfaces upon dental plaque 
formation. Their role in endodontic infections, how- 
ever, has not yet been ascertained although they are 
prevalent culture isolates. Yet, these organisms possess 
outstanding abilities to penetrate dentinal tubules both 
individually and in co-aggregation with other organ- 
isms (see the paper by Robert Love in this issue (27). 
Furthermore, streptococci have been identified in deep 
carious lesions (28, 29). In addition, oral streptococci 
show potential adaptive responses to extreme environ- 
mental change that may have implications for their 
potential to survive root canal treatment. 

A variety of streptococcal species have been isolated at 
significant rates in studies using rigorous measures to 
control for inclusion of contaminating organisms, e.g. 
in samples from primary infected teeth (4, 5, 8), during 
root canal treatment (23, 25), and in retreatment cases 
(4, 17, 18). Applying a combination of biochemically 
based methods, 93% of the streptococci, isolated after 
instrumentation and application of intra-canal dres- 
sings, were identified to species level (30). The majority 
of streptococcal species belonged to the Streptococcus 
mitis and S. anginosus groups of which S. gordonii , S. 
anginosus , and S. oralis were the most prevalent (25, 
30, 31), see Table 2. 

S. gordonii is an early colonizer in dental plaque. 
Although no evidence exists regarding its pathogenicity 
in apical periodontitis, S. gordonii has interesting 
capabilities that give indications of its pathogenic 
potential. This organism promotes co-adhesion of 
Porphyromonas gingivalis to dental plaque (32-34). S. 
gordonii also promotes in vitro invasion of dentinal 
tubules of P. gingivalis (35). Furthermore, the 
intracellular transport of manganese in S. gordonii has 
been found to be significant for the formation of 
biofilms (36, 37). 

S. anginosus belongs to the S. anjjinosus group 
(formerly S. milleri). This organism has become known 
as an important pathogen in respiratory infections, sub- 
acute bacterial endocarditis, and upper digestive tract 
cancer (38-42). Its pathogenic capacity is shared with 


other members of the S. anjjinosus group including S. 
intermedins and S. constellatus. In the oral cavity, S. 
anjjinosus is considered a regular commensal frequently 
found in deep periodontal pockets and abscesses (43). 
Furthermore, S. anjjinosus owns mechanisms for 
attachment and co-aggregation with other bacteria, a 
property that fits well with its ability to become 
established within micro-communities. Along with 
other streptococci, this feature gives indication of a 
potential pathogenic role in persistent endodontic 
infections. 

S. oralis is a member of the mitis group of the viridans 
streptococci (44). This organism is a major contributor 
to dental plaque and has been widely studied for its 
ability to adapt to acidic environments (45-47). In this 
regard, different surface-associated proteins seem to 
play important regulating and adaptive roles (47). 
Although the significance of S. oralis in root canal 
infections has not been well established, such physio- 
logical mechanisms may be significant for its survival 
power. 

The ability of streptococci to initiate biofilm forma- 
tions can be explained by their release of different 
extra-cellular proteins and by their production 
of fimbriae. By virtue of fimbriae, S. parasanjjuis 
has the ability to attach, colonize, and thrive in 
environments of fluxes in pH, temperature, mechanical 
stress, and nutrient availability in the oral cavity (48- 
50). These features give this organism, in addition, 
outstanding capabilities to spreading, when introduced 
to the bloodstream, and attaching to predisposing 
heart valves in endocarditis-prone individuals (48). Yet, 
as with other streptococci, research is needed to assess 
the precise role of S. parasanjjuis in root canal 
infections. 

By contrast, polysaccharide-producing species such as 
S. salivarius , S. sanguis , and S. mu tans are rarely seen in 
the persisting root canal flora. This is likely to be 
explained by the non-favorable environment that the 
root canal offers these organisms, while they are 
predominant in saliva ( S . salivarius) and plaque (S. 
sanguis and S. mutans). It is certainly possible that they 
can appear in the most coronal portion of root canals in 
conjunction with penetrating caries. It is not unreason- 
able to believe that species like S. mutans also can be 
carried into root canals by contamination of plaque or 
saliva during endodontic treatments. In any case, the 
rare occurrence of polysaccharide -producing strepto- 
cocci and the rather frequent occurrence of other 
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streptococcal species make a strong case for the need 
for identifying isolated bacteria to species level. 


Lactobacilli 

Lactobacilli are Gram-positive non-spore-forming rods 
with complex nutritional requirements. They are 
strictly fermentative, and grow well in acidic environ- 
ments and use glucose as a major source for carbon to 
produce lactic acid, C0 2 , ethanol, and acetic acid. 
Lactobacilli are ubiquitous and widespread commensal 
bacteria in the human and animal micro-flora. In 
humans they are normal residents of the gut, oral cavity, 
and vagina (51, 52). The majority of these organisms 
are used as adjuvants against gastrointestinal disorders 
or dietary supplements (probiotics), as well as biologi- 
cal food processors because of their high fermentative 
properties (53, 54). By virtue of metabolic production 
of lactate and short-chain fatty acids, lactobacilli have 
well-defined and proven clinical effects for the treat- 
ment and/or prevention of diseases of intestinal origin 
(55). Furthermore, lactobacilli are considered to be of 
low pathogenicity. By contrast, these organisms have 
antagonistic effects towards other microbial pathogens 
in the human gut (56), and severe Lactobacillus 
infections may occur in immuno- compromised patients 
(53). 

Culture-growing lactobacilli are seldom reported to 
species level most likely because of lack of a universal 
protocol for their identification. Commercially avail- 
able carbohydrate fermentation tests fail to identify 
various lactobacillus species (57). However, highly 
standardized whole-cell protein patterns obtained by 
sodium dodecyl sulfate -polyacrylamide gel electro- 
phoresis have been proven useful (31, 58, 59). Other 
identification methods include molecular-based ana- 
lyses including PCR, RAPD-PCR, and the system 
MicroSeq 500 16S rDNA (60, 61). 

In endodontic infections, the relevance of lactobacilli 
is not well defined and they have often been regarded as 
transient contaminants (4, 15). Yet, these organisms 
are common in deep caries lesions (28, 29, 62), in root 
canals of teeth undergoing root canal treatment (25, 
31 ) (see also Table 2), and in root-filled teeth associated 
with apical periodontitis (17, 18). Thus, it is not 
unreasonable to assume that lactobacilli with their high 
resistance to environmental changes are capable of 
growing and multiplying in root canals. In the study by 


Chavez de Paz et al. (31), the most frequently 
recovered species were L. uli and L. paracasei. L. uli 
has recently been re-classified to Olsenella uli on the 
basis of phenotypic characteristics and 16S rRNA 
sequence analysis (63). This organism has been isolated 
from gingival crevices and periodontal pockets from 
healthy and diseased patients (64). Information is 
scarce regarding its pathogenic capacity in human 
infections. O. uli produces large quantities of lactic acid 
and may resist the exposure to alkaline pH environ- 
ments (Chavez de Paz et al., unpublished data). This 
organism, recovered from gingival pockets, has been 
shown to produce large quantities of lactic acid, which 
may impact the periapical inflammatory process (64). 

Also L. paracasei was frequently isolated in the study 
by Chavez de Paz et al. ( 3 1 ) . This is a normal resident of 
the human intestine and a transient inhabitant of the 
oral cavity (64). In human infections, L. paracasei has 
been found to be involved in bacteremias of hospita- 
lized patients with a depressed immune status (66). 
Recently, L. paracasei was the sole etiological agent of a 
life-threatening intravascular infection (67). Although 
the pathogenic implications of L. paracasei in endo- 
dontic infections are unknown, it carries efficient 
adaptive capabilities to resist extreme environments, 
e.g. alkaline pH (Chavez de Paz et al., unpublished 
data). 

Species like L. acidophilus and L. salivarius are normal 
inhabitants of plaque and caries lesions but are not 
frequently identified in root canal infections. 


Enterococci 

The resilient nature of E. faecalis in endodontic 
infections is well documented (4, 17-21, 68). In many 
studies, E. faecalis has been reported to occur in 
monocultures. By contrast, this organism and other 
genera of enterococci are infrequent in primary root 
canal infections, raising questions regarding their 
origin in post-treatment endodontic cases. Plausible 
explanations include unintentional inclusion during 
root canal treatment, or by leaving the root canal space 
open to the oral environment (69) as well as post- 
treatment leakage along the margins of permanent 
restorations. In any case it seems that once established 
in the root canal system, enterococci are able to resist a 
variety of endodontic treatment efforts for its eradica- 
tion. For instance, E. faecalis has been found to prevail 
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after intra-canal dressings with Ca (OH) 2 (70, 71), 
clindamycin and 5% IKI (69, 72-75), tetracycline, and 
erythromycin (76). In serial sampling of teeth refrac- 
tory to treatment, enterococci have been shown to 
prevail as a frequent isolate (25, 77). 

The pathogenic potential of E. faecalis has yet to be 
confirmed. In Fabricius thesis (78), E. faecalis was 
inoculated as a monoculture in nine teeth with 
devitalized pulps. Although surviving for 6 months 
only weak inflammatory periapical responses were 
provoked (79). This study nevertheless showed that 
E. faecalis holds strong innate adaptive mechanism for 
survival within the confines of the root canal system 
(80). Recently, Kayaoglu and 0rstavilc (81) reviewed 
the potential virulence factors of E. faecalis. Briefly, 
these factors include aggregation substance, surface 
adhesions, sex pheromones (see review by Sedgley and 
Clewell in this issue (82), extra-cellular superoxide 
production, gelatinase, and toxic cytolysin. 

In vitro assessments on the resilient nature of E. 
faecalis to endodontic anti-microbials are replete (74, 
83-91). From these studies, important mechanisms for 
this organism to circumvent anti -microbial effects have 
been revealed. For instance, the innate alkalo- tolerant 
characteristic of E. faecalis is clinically related with 
reduced susceptibility to calcium hydroxide intra-canal 
dressings. 

Undoubtedly, E. faecalis is a most interesting 
organism in post-treatment endodontic infections 
given its innate and acquired adaptive properties. Yet, 
it must not be forgotten that endodontic infections 
most often are polymicrobial in nature. Isolation of 
only one species may, therefore, not necessarily be an 
indication of mono -infection, but of the possibility that 
other organisms present did not reach detection level. 
For example, in the Molander et al. (17) study in one- 
third of the 100 retreatment cases with apical perio- 
dontitis, samples were negative suggesting that the 
sampling techniques used for the detection of culti- 
vable species was not invariably optimal. Further efforts 
should be directed to elucidate the role of enterococci 
in endodontic infections. 

Other Gram-positive rods 

Actinomyces spp. belong to the primary colonizers of 
clean tooth surfaces and are relatively frequent isolates 
in endodontic infections (92, 93). The fimbriae on the 
cell surface of these organisms are important for its 


virulence and its establishment in extra-radicular 
endodontic infections (apical actinomycosis) (94). On 
a species level, A. israelii and A. meyerii have been 
specifically implicated (95-97). Recently, a new species 
A. radicidentis\v&& been identified in pure cultures from 
root canals of teeth with periapical lesion persistence 
(98). Actinomyces may also survive in nutritionally 
deprived environments by expressing extra-cellular 
enzymes that allow the organism to metabolize sucrose 
and urea (99, 100). 

Propionibacterium propionicnm is a facultative anae- 
robic organism formerly known as Arachnia propionica 

(101) . This bacterium is a normal resident of the oral 
cavity and has been repeatedly found in persisting intra- 
radicular and extra-radicular endodontic infections that 
do not respond to conventional endodontic treatment 

(102) . Although its pathogenic capacity still remains 
unclear (103), it seems that P. propionicum shares 
similar invasive characteristics as actinomyces (for a 
review, see reference (104)). 

Bifidobacteria present characteristics similar to lacto- 
bacilli. These organisms are normal inhabitants of the 
human gut and are also commonly used as probiotic 
bacteria. Most of the species colonizing the oral cavity 
are transient colonizers (52). However, B. dentium is 
one of the few species of this genus that inhabits the 
oral cavity and resides in deep periodontal pockets 
(105). Members of this genus have also been found 
after anti-microbial root canal treatment (24, 31). Yet, 
similar to lactobacilli, no knowledge exists as to its 
pathogenic capacity in apical periodontitis. 

Eubacteria are asaccharolytic micro-organisms impli- 
cated in marginal periodontitis, advanced caries, and 
dento-alveolar abscesses (106). This genus has not been 
further linked to endodontic infections, although 
species like E. nodatum , E. alactolyticum (re -classified 
as Pseudoramibacter alactolyticus) (107) were frequently 
reported in early studies (4, 8). This lack of information 
may be associated with the difficulty in growing these 
organisms under laboratory conditions (108). 

In conclusion, a variety of both facultative and strict 
anaerobic Gram-positive cocci and rods have been 
recovered from post-treatment endodontic cases. A 
common denominator for the persistence of these 
organisms is that, contrary to several Gram-negative 
anaerobes, little is known about their pathogenic 
potentials and the extent to which they are contribu- 
tory to post-treatment endodontic lesions in optimally 
treated cases. 
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Adaptive mechanisms 

For survival and growth, bacterial organisms that may 
have survived the endodontic treatment procedures, 
including mechanical preparation and use of chemicals 
for disinfection by irrigation and dressing, must find 
ways to adapt to the new conditions in the root canal. 
In particular, this means adjustment to changed 
nutritional supplies. These are likely to be scarce unless 
the root canal filling has failed to block the portals of 
entry to the root canal space along which nutritional 
elements may be transported. They include the main 
apical foramen and accessory canals as well as the oral 
environment and associated leakage potentials along 
margins of coronal restorations. The extent to which 
the root filling can block these entries is crucial. 
Coronal leakage is easily controllable, whereas blocks 
of the main apical foramen and accessory canals may not 
invariably be efficient. An important variable in this 
context is the extent to which the apical foramen was 
overprepared and laterally transported (see a review by 
Bergenholtz & Spangberg (109)). If large, substantial 
amounts of tissue fluid and inflammatory exudates may 
percolate and continue to support growth of any 
organism with proteolytic capacity. Often, however, 
nutritional supply will become very limited. Therefore, 
only organisms that have a capacity to adapt and find 
subsidence under such conditions will prevail. Many of 
the Gram positives that are in suppressed numbers in 
primary root canal infections make use of various 
adaptive mechanisms, which may explain their propor- 
tional increase relative to Gram-negative anaerobes in 
post-treatment cases. 

Location 

The character of the micro-flora is likely to be 
determined by the location in that, near canal exits to 
the periapical tissue environment, nutrient availability is 
likely to be richer than at a far distance. Given that root 
fillings seldom hermetically seal the root canal space 
(110), sites that were not properly instrumented for 
example non-instrumented fins and crevices, voids in 
hard tissue repair processes and areas of resorption 
along the root canal wall (see Fig. 2) may serve as spots 
for bacterial survival and growth. In most cases, these 
locations cannot be ascertained clinically or radio- 
graphically, and represent distinct challenges in en- 
dodontic therapy (111). 


Environmental stress factors in 
infected root canals 

Nutrients in short supply initiate starvation-stress 
responses. By interacting with other bacteria, sources 
for amino acids and vitamins are obtained (112). 
Furthermore, in starvation, bacteria modify their 
nutritional demands (113). Bacteria will then limit 
the amount of nutrients, they require, in order to save 
the energy used for metabolism, thus enabling them 
survival for long periods of time. For instance, 
streptococci under stressful conditions will utilize their 
synthesized exo-polysaccharides, a feature not ob- 
served under normal circumstances (114). 

Alkaline ions have lethal effects on bacteria by 
destroying cell membranes and protein structures 
(115). When calcium hydroxide is applied as intra- 
canal dressing in root canals, an overall alkalinization of 
the root canal environment occurs. This alkaline shift is 
not necessarily homogenous along the length of the 
root canal (116, 117) and higher pH readings are 
registered at cervical portions and the lowest in the 
apical region (118). 

Bacteria able to sustain high alkaline levels can be 
divided into two groups: alkalophilic and alkalo- 
tolerant species. Both kinds of micro-organisms may 
grow even above pH 10, but alkalophiles are unable to 
sustain neutral pH as their optimal growth condition is 
around pH 9. This is the case for Bacillus spp. for 
example. On the other hand, alkalo-tolerant organisms 
grow optimally around neutrality, e.g. enterococci 
(119). 

It is intriguing that organisms growing in aciduric 
environments like streptococci and lactobacilli prevail 
in root canals after calcium hydroxide dressings (25), 
suggesting capability to adapt to alkaline shifts. This 
capacity relies on mechanisms to maintain a homeo- 
stasis between external and intra-cellular pH (119). To 
achieve this balance, adaptation includes synthesis of 
extra-cellular proteins (120, 121) and the utilization of 
certain intrinsic mechanisms such as the proton-pump 
(122). The proton-pump allows transport of cations 
and protons into the cell body to keep the cytoplasmic 
pH neutral (123-125). E. faecalis utilizes such a 
mechanism (122). 

In a biofilm community, survival and means of 
adaptation to extreme pH levels could be more 
achievable (114). As demonstrated in Fig. 3, a 
community of seven bacterial species including E. 
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Fig. 2. Apical region of a monkey’s tooth showing root resorption, where bacteria may be located (doted square) (A). 
Magnification of the area is seen in (B). Specimen is unpublished data obtained from the thesis by Fabricius (78) 
Courtesy of Professor Gunnar Dahlen. 


faecalis , F. nucleatum , L. paracasein O. uli , S. anjjinosus , 
S. jjordonii , and S. oralis formed clusters when exposed 
to an alkalinized environment (Chavez de Paz et ah, 
unpublished data). This finding suggests that under 
alkaline shifts, bacteria will co-aggregate to meet their 
individual needs for survival. 

Oxidative stress is an important factor that will 
influence bacterial selection in infected root canals 
(see a review by Sundqvist and Figdor (126)). This 
factor implies the release of noxious by-products 
formed during the metabolic pathway of oxygen. 
Bacteria exposed to such environmental conditions 
need to find ways to adapt (127-129). In a closed 
system such as the root canal the oxygen tension tends 
to be low. Hence, the growth of strict anaerobes and 
facultative organisms is promoted. The oxygen level 
depends on two basic factors: location and time. Along 
the root canal space, in an apical direction, oxygen 
tension decreases gradually. In relation to time, the 


longer an infected pulp necrosis stands in a tooth non- 
exposed to the oral environment the more oxygen is 
consumed, thus giving anaerobes better conditions to 
survive and multiply (78, 130). 

While likely to increase upon root canal treatment, 
the oxygen levels may still be low in the apical region. 
Thus bacteria escaping instrumentation and intra-canal 
medication in such locations will become minimally 
exposed to oxygen. This means that not only will 
facultative organisms remain viable but also species like 
Fusobacterium spp. and Peptostreptococcus spp. are 
favored, which otherwise have an extremely low 
tolerance to oxygen (131-133). 

Bacterial interactions 

Bacterial synergy is crucial for bacterial adaptation to 
environmental stress (26, 134). In root canals, prevail- 
ing organisms may avoid the lethal effects of chemo- 
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Fig. 3. Fluorescent staining of a community of seven root canal isolates grown in vitro under planktonic conditions and 
exposed to an alkaline challenge (pH 10.5) for 4h. Co -aggregation developed between Enterococcus faecalis, 
Eusobacterium nucleatum , Lactobacillus paracasei, Olsenella uli , Streptococcus anginosus , S. gordonii, and 5. oralis. 
Green cells correspond to viable organisms while fluorescent red indicate membrane damage. 
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Fig. 4. Over imposed 2-D electrophoresis gels of whole- 
cell protein extracts (spots in blue) and extracellular 
proteins (spots in brown and encircled) produced by a cli- 
nical isolate of S. oralis. Vertical axes represent molecular 
weight (Mw) in kDa, the horizontal axes represent pf 
values of separated proteins. Produced from the data in 
the study by Chavez de Paz et al. (30). 

mechanical preparation and intra-canal medication by 
adhering to available surfaces forming biofilms (see the 
paper by Svensater and Bergenholtz in this issue (135). 


Idta 



Another important process is co- aggregation where 
genetically distinct bacteria in a planktonic state 
become attached to each other via certain molecules 
(136, 137). These clusters of co-aggregated bacteria 
will recognize and co-adhere to surface-attached cells 
(138). While there is no evidence that such processes 
occur in infected root canals, odds-ratio calculations 
have shown certain combinations of root canal organ- 
isms (31, 130, 139, 140). Hence, in teeth with 
untreated necrotic pulps, positive associations have 
been observed between P. intermedia and P. anaero- 
bius , P. intermedia and P. micros , and P. anaerobius and 
E. lentum (130). Gomes et al. (139) and Peters et al. 
(140) have reported similar associations. On searching 
for positive associations among residual organisms after 
root canal treatment, little data exist. Prevotella spp. 
and L. crispatus , Prevotella spp. and B. dentium , and 
Fusobacterium spp. and L. paracasei were frequently 
associated in the study by Chavez de Paz et al. (31). 


Stress-related proteins 

Bacteria exposed to unfavorable environmental condi- 
tions respond by expressing a varied set of proteins 
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Fig. 5. Hypothetical outline of a stress protein response in biofilm communities of root canal bacteria. 


(so-called stress proteins) (141 ). Stress proteins protect 
the bacterial cell against injurious factors and enhance 
bacterial survival. Stress proteins are multi-functional, 
some of which assist translocation and refolding of 
damaged proteins in the cell (molecular chaperones) 
(142). These proteins also fulfill other beneficial 
functions such as modulation of protein synthesis, 
regulation of kinases, associations with enzymes 
(possibly pathogenic), and participation in signal 
transduction pathways. 

The majority of stress proteins monitor regular 
physiological functions. Some of these proteins are 
released and activated extra- cellular ly under normal 
and stressful circumstances (143) (see also Fig. 4). 

The effect on host tissue of bacterial stress proteins is 
not well established. In oral infections, these proteins 
have been studied primarily in conjunction with 
periodontal disease (144). In diseased periodontal 
sites, levels of stress proteins from species like P. 
jjinjjivalis and A. actinomycetemcomitans have been 
found to increase (145) and to produce immune 


reactions (146, 147). In endodontic infections, the 
pathogenic role of stress-related proteins is unknown. 
Possibly bacteria that are located close to the periapical 
foramen may release such proteins to induce inflam- 
matory reactions in the periapical tissues. 

Figure 5 illustrates a hypothetical situation where 
bacteria within a biofilm-like structure are thought to 
respond to an environmental stressor. The effect of the 
stressor includes response induction and activation of 
genes that encode stress proteins. The responses of each 
bacterial cell sum up and provide protective effects of 
benefit for the entire microbial community. Research in 
this area may provide important information on the 
adaptive capabilities of root canal bacteria to external 
adverse influences. 

Concluding remark 

The potential significance of a variety of Gram-positive 
organisms in endodontic infections has been high- 
lighted in this review. While Gram-negative anaerobes 
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predominate in primary root canal infections. Gram- 
positive facultatives tend to become dominating in 
failing post-treatment cases. Certain genera and even 
species seem to persist to a greater extent than other. 
The mechanism behind this selection process should be 
explored possibly by studying stress responses and other 
adaptive mechanisms. Research should also elucidate 
the pathogenic potential of the various organisms 
isolated in post-treatment endodontic disease. 
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